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,QWURGXFWLRQ
7KHVXVWDLQHGLQFUHDVHRIODQGVHDOLQJLQXUEDQDUHDVMRLQWRWKHLQFUHDVHGDQQXDOUDLQIDOOGXHWRWKHFRQVHTXHQFHV
RIFOLPDWHFKDQJHJOREDOZDUPLQJKDVEHFRPHLQDVHULRXVSUREOHPEHFDXVHERWKSURFHVVHVUHVXOWLQLQFUHDVHGVXUIDFH
UXQRII,QHDVWFHQWUDOSDUWRI$UJHQWLQDDVLJQLILFDQWLQFUHDVHLQWKHIUHTXHQF\RIH[WUHPHUDLQIDOOZDVUHFRUGHGGXULQJ
WKHODVWGHFDGHV)ORRGGDPDJHGHVWUXFWLYHZLQGVDQGKDLOZHUHDVVRFLDWHGZLWKVXFKHYHQWV>@,QDFRQWH[WRIFOLPDWH
FKDQJHLWLVH[SHFWHGDQLQFUHDVHRI&LQWKHPHDQDQQXDOWHPSHUDWXUHDQGLQWKHPHDQDQQXDOSUHFLSLWDWLRQ
FRQVHTXHQWO\LQFUHDVHVLQUXQRIILQWKHUHJLRQIRUWKHSHULRG:LWKWKHLQFUHDVLQJWUHQGVRIXUEDQL]DWLRQ
ZLWKFLWLHVLQ/DWLQ$PHULFDH[SDQGLQJDWDSDFHRIPPLQXWH>@WKLVSUREOHPZLOOEHFRPHPRUHFRPSOH[DQG
GLIILFXOWWRVROYHXQOHVVLPPHGLDWHPHDVXUHVGHYHORSHGLQSDUDOOHOZLWKWKHVHSURFHVVHVDUHWDNHQ,WLVXUJHQWWRGHILQH
VWUDWHJLHVWRFRSHZLWKWKLVSUREOHPUHGXFLQJWKHUXQRIIE\LQFUHDVLQJWKHZDWHULQWHUFHSWHGFDSWXUHGE\WKHVRLODQG
VWRUHGLQGLIIHUHQWHQYLURQPHQWDOFRQWDLQHUV,QWHUPVRIVWRUPZDWHUWKHSRVLWLYHHIIHFWVRIJUHHQLQIUDVWUXFWXUHV*,
DUHPDLQO\ WZR  LQFUHDVLQJZDWHU LQWHUFHSWLRQGXH WRYHJHWDWLRQ FRYHU DQG  LQFUHDVLQJ VWRUDJH FDSDFLW\ DQG
LQILOWUDWLRQRIWKHVRLO7KHRYHUDOODLPRIWKLVVWXG\ZDVWRDVVHVVWKHSHUIRUPDQFHRI*,ODQGSODQQLQJVFHQDULRRQ
IORRGULVNUHGXFWLRQLQWKHFLW\RI5RVDULR$UJHQWLQD$QDSSURDFKXVLQJFRQYHQWLRQDOPHWKRGVWRHYDOXDWHWKHUHODWLYH
LPSDFWVRI*,RQIORRGLQJLVSURSRVHGVSHFLILFDOO\WREHDSSOLHGLQFLWLHVODFNLQJVSDWLDOGDWD7KHVSHFLILFREMHFWLYH
LVWKHUHIRUHWRGHWHUPLQHDVHWRILQGLFDWRUVGHVFULELQJWKHLPSDFWVLQXUEDQDQGSHULXUEDQVWRUPZDWHUUXQRIIXQGHU
GLIIHUHQWODQGXVHVFHQDULRVDQGLWVUHODWLRQVKLSZLWKIORRGULVNVIRUWKHVWXG\DUHD
0DWHULDODQG0HWKRG
2.1. Study area 
7KHVWXG\ LV IRFXVHGRQ WKHFLW\RI5RVDULR6DQWD)HSURYLQFH
$UJHQWLQDORFDWHGDWODWLWXGH6DQGORQJLWXGH
:)LJ
5RVDULRKDVWKHPRVWLPSRUWDQWSRUWLQ6RXWK$PHULFDIRUJUDLQ
H[SRUWWKLUGSODFHLQWKHZRUOGLQH[SRUWVRIVR\EHDQV7KHFOLPDWH
LVPLOGDQGKXPLGZLWKDYHUDJHDQQXDOUDLQIDOORIWKHRUGHUWR
PPDQGDYHUDJHDQQXDOWHPSHUDWXUHRI&7KHFXUUHQWSRSXODWLRQ
RIWKHFLW\LVDERXWLQKDELWDQWV7KHSURSRVHGPHWKRGRORJ\
ZDVDSSOLHGRQDQXUEDQEDVLQORFDWHGLQWKHQRUWKZHVWRIWKHFLW\
7KHVWXG\DUHDLVRQWKHROGIORRGSODLQRI/XGXHxD¶VVWUHDPDQGKDV
DERXWLQKDELWDQWV7KLVZDWHUFRXUVHFURVVHVWKHQRUWKDUHDRI
5RVDULR7KLVEDVLQKDVDQDUHDRIDERXWNPKDZLWKKLJKO\
XUEDQL]HGDUHDVORZGHQVLW\VXEXUEDQQHLJKERUKRRGVLQGXVWULDODQG
UXUDODUHDV7DEOH,QWKHODVWGHFDGHVWKLVDUHDVXIIHUHGDIDVWXUEDQ
H[SDQVLRQPDLQO\ WRSURYLGHKRXVLQJDW ORZFRVWRI ODQGDOWKRXJK
ZDVXUEDQL]HGXQGHUH[FHSWLRQDOUXOHV
2.2. Indicator for evaluation the impacts on runoff. 
7KHUXQRIIFRHIILFLHQWRIWKHUDWLRQDOPHWKRGLVXVHGWRGHWHUPLQH
DK\GURORJLFDOLQGLFDWRUWKDWUHODWHV/8/&FKDQJHVDQGLWVLPSDFWRQ
UXQRII5DWLRQDOPHWKRGLVRIWHQXVHGWRFRPSXWHSHDNGLVFKDUJHIURP
GUDLQDJHEDVLQ UXQRII >@ DQG VWRUPGUDLQVGHVLJQ7KH LQGLFDWRU ³UHGXFWLRQ LQ UXQRII FRHIILFLHQW´¨& >@ IRU WKH
DVVHVVPHQW RI K\GURORJLFDO LPSDFWV DW FLW\OHYHO EHWZHHQ DFWXDO DQG IXWXUH VFHQDULRVZDV SURSRVHG1HJDWLYH¨&
YDOXHVIRUDQ\WLPHSHULRGZLOOLQGLFDWHDQHWGHFUHDVHLQUXQRIIZKLFKLVUHGXFLQJWKHULVNRIIORRGVZLWKLQWKDWVXUIDFH
DUHD,QDVHFRQGVWHSFKDQJHVRI¨&ZHUHUHODWHGWRFKDQJHVLQULVNVRIIORRGLQJ

)LJ/RFDWLRQRI5RVDULRLQ6DQWD)HSURYLQFH
$UJHQWLQDJRRJOHFRPPDSV
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2.3. Relationship between reduction in run off coefficient and the risk of flooding 
8VLQJWKHUDWLRQDOPHWKRGWKHGHVLJQGLVFKDUJHIRUDQDUHDZLWKRXW*,DWWKHWLPHWFXUUHQWVFHQDULRDQGWLPHW
IXWXUHVFHQDULRDUHUHVSHFWLYHO\
AiCQ ttt                                                                                                                                                
AiCQ ttt                                                                                                                                          
ZKHUH4LVWKHGHVLJQGLVFKDUJH&LVWKHUXQRIIFRHIILFLHQWDQGLLVWKHGHVLJQUDLQIDOOLQWHQVLW\DOOYDULDEOHVDWWLPH
WRUW7KHUDLQIDOOLQWHQVLW\KDVDGXUDWLRQHTXLYDOHQWWRWKHWLPHRIFRQFHQWUDWLRQWFRIWKHZDWHUVKHGDWWLPHW,Q
WKH VLWXDWLRQDW WLPH W WKH UDLQIDOO LQWHQVLW\FRUUHVSRQGV WRDRQH OHYHORISURWHFWLRQGHWHUPLQHG SHULRG WLPH7W
$FFRUGLQJZLWK.LHIIHU\&KXFLWHGE\>@WKHUDLQIDOOLQWHQVLW\FDQEHSUHVHQWHGDV
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
ZKHUH7LVWKHSHULRGWLPHRUUHFXUUHQFHGLVWKHGXUDWLRQDQGJPHDQGIDUHFRQVWDQWVWKDWGHSHQGRQORFDOUDLQ
FKDUDFWHULVWLFV&RQVLGHULQJWKHULVNRIIORRGLQJUHGXFWLRQVLQFHWRLQFUHDVHRI*,WKHTXHVWLRQLVZKDWSUREDELOLVWLF
QHZOHYHORISURWHFWLRQWKDWZRXOGFRUUHVSRQGWRWKHGHVLJQGLVFKDUJH4WFXUUHQWGUDLQDJHLQIUDVWUXFWXUHLQWKHQHZ
VLWXDWLRQ DW W &W" )ROORZLQJ WKHVH FRQVLGHUDWLRQVZH FDQ VD\ WKDW4W &WLW$ZKHUH LW LV WKH UDLQIDOO
LQWHQVLW\DVVRFLDWHGZLWKDSHULRG WLPH7WWKDW LQ WKHQHZVLWXDWLRQ WJHQHUDWH WKHGLVFKDUJH4W+HUHZHZLOO
DVVXPHIRUVLPSOLFLW\WKDWWKHGXUDWLRQRIWKHUDLQGHVLJQGRHVQRWFKDQJHWFGRHVQRWFKDQJH(TXDOLQJHTXDWLRQV
DQGMRLQWRHTDQGVLPSOLI\LQJZHKDYH 
t
t
t
t
m
t
t
P
P
T
T
C
C 


 

   ¸¸¹
·
¨¨©
§
                                                                                                                                     
ZKHUH 3W DQG 3W DUH WKH H[FHHGDQFH SUREDELOLW\ RI UDLQIDOO LQWHQVLW\ DW VLWXDWLRQV W DQG W UHVSHFWLYHO\ >@
(TXDWLRQ  UHSUHVHQWV WKH UHODWLRQVKLSEHWZHHQ FKDQJHV LQ UXQRII FRHIILFLHQWV DQG UHVSHFWLYH FKDQJHV LQ ULVNRI
IORRGLQJ
2.4. Scenarios. 
7UHQGVLQ/DQG8VH/DQG&RYHU/8/&LVDGHFLVLYHIDFWRUGHWHUPLQLQJWKHLPSDFWRIWKHLQFUHDVHGSUHFLSLWDWLRQ
LQWKHUXQRIIDQGHVVHQWLDOWREHFRQVLGHUHGLQGHYHORSLQJSODQQLQJVFHQDULRV)LUVWO\DEDVHOLQHVFHQDULR6FHQDULR
UHSUHVHQWLQJWKHFXUUHQWXVHVDQGODQGFRYHULVSURSRVHG/8/&FODVVHVZHUHGHILQHGE\FRQVLGHULQJWKHFKDUDFWHULVWLFV
RIXVHPRUSKRORJ\DQGFRQVWUXFWLRQPDWHULDOVXVHGDQGWKHQUXQRIIFRHIILFLHQWV&KDYHEHHQDVVLJQHGDFFRUGLQJ
)LJD6HFRQGO\EDVHGRQWKHLQIRUPDWLRQRI6FHQDULRWKUHHK\SRWKHWLFDO/8/&VFHQDULRVZHUHSURSRVHGXVLQJ
HVWLPDWHGUXQRIIFRHIILFLHQWVDPRGHUDWHVFHQDULRFRQVLGHULQJWKHFXUUHQWEXLOGLQJGHYHORSDEOHDUHDDFFRUGLQJ
WRPD[LPXP OHYHOV SHUPLWWHG E\ XUEDQ UHJXODWLRQV  D VHYHUH VFHQDULR FRQVLGHULQJ EXLOW WKH HQWLUH VWXG\ DUHD
DFFRUGLQJWRPD[LPXPOHYHOVSHUPLWWHGE\XUEDQUHJXODWLRQVDQGDJUHHQVFHQDULRFRQVLGHULQJ*,DFFRUGLQJWR
PD[LPXPOHYHOVRIXUEDQL]DWLRQSHUPLWWHGE\XUEDQUHJXODWLRQV,QVFHQDULRVDQGIRU WKHGHWHUPLQDWLRQRI WKH
EXLOGLQJGHQVLWLHVFXUUHQWWUHQGVLQODQGRFFXSDWLRQZHUHFRQVLGHUHG)LJEFDQGG
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2.5. Calculation of indicators and flood risks for the proposed scenarios 
,QGLFDWRUVZHUHFDOFXODWHGFRQVLGHULQJ WKHHVWLPDWLRQRI UXQRIIFRHIILFLHQWV IRUHDFKK\SRWKHWLFDO VFHQDULRZLWK
UHVSHFWWRWKHFXUUHQWVFHQDULR)RUDVVHVVPHQWRIUXQRIIFRHIILFLHQWVWDEOHVDUHSURYLGHGE\WKHOLWHUDWXUH,QWKLVSDSHU
WDEOHVSURSRVHGE\ >@ IRUXUEDQDUHDV DQG >@ IRUXQGHYHORSDEOH DUHDVZHUHXVHG:DWHUVKHG UXQRII FRHIILFLHQWV
GHSHQGXSRQWKHODQGXVHVRLOW\SHDQGVORSHRIWKHEDVLQ$OOWKHVHYDULDEOHVZHUHFDOFXODWHGDQGYHULILHGLQVLWX
5HVXOWVDQG'LVFXVVLRQV
7DEOHVKRZVWKHGLIIHUHQFHEHWZHHQUXQRIIFRHIILFLHQWVIRU WKHSURSRVHGVFHQDULRV:LWK WKHFXUUHQW ODQGXVH
VFHQDULRWKHDYHUDJHUXQRIIFRHIILFLHQWLVIRUDOO WKHVWXG\DUHD)RUWKH6FHQDULRWKHUXQRIIFRHIILFLHQW
UHDFKHVDYDOXHRIZKLFKLPSOLHVDQLQFUHDVHRIDERXWRILWVFXUUHQWYDOXH&RQVLGHULQJWKHYDOXHRIP 
DGMXVWHGIRU5RVDULRDSSO\LQJHTXDWLRQIRUDUXQRIIFRHIILFLHQWLQFUHDVHG&W&W ZKLFKZRXOGFDXVH
DQLQFUHDVHGULVNHTXLYDOHQW3W3W WLPHV

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7DEOH5XQRIIFRHIILFLHQWVDQGSHUFHQWDJHRIRFFXSDWLRQDUHDVIRUGLIIHUHQWODQGXVHFRQGLWLRQVDQGVFHQDULRV
1

&ROR
U
FRGH
&RYHUDJH & $UHDIRU6FHQDULR
$UHDIRU
6FHQDULR
$UHDIRU
6FHQDULR
$UHDIRU
6FHQDULR
  3DYHPHQWLQSXEOLFVSDFHV 0.90    
 
6LQJOHIDPLO\KRPHXSWRIORRUVRFFXSDWLRQRI
ODQG 0.60    
 
6LQJOHIDPLO\KRPHXSWRIORRUV!RFFXSDWLRQRI
ODQG 0.65    
  6LQJOHIDPLO\KRPHZLWKFHQWUDOIRUHVWHGEORFN 0.57    
  0XOWLKRXVLQJXQLWVXSWRIORRUV 0.70    
  0XOWLKRXVLQJXQLWVPRUHWKDQIORRUV 0.75    
 
0XOWLKRXVLQJXQLWVZLWKJUHHQVLGHZDONDQGJUHQQ
URRIV 0.48    
  5HVLGHQWLDORUVXEXUEDQ 0.59    
  &ORVHGQHLJKERUKRRG 0.48    
  &RPPHUFLDODQGEXVLQHVVDUHDV 0.60    
  ,QFLSLHQWDQGLUUHJXODUVHWWOHPHQWV 0.56    
  &RQVROLGDWHGDQGLUUHJXODUVHWWOHPHQWV 0.70    
  ,QGXVWULDOQRWYHU\GHQVH 0.70    
  ,QGXVWULDOGHQVH 0.80    
  3DVWXUHPHDGRZODZQFOD\ORDPVRLO 0.30    
  %DUHVRLOFRPSDFWHG 0.63    
  ([WHQVLYHFURSV 0.21    
  7UDGLWLRQDOKRUWLFXOWXUDOFURS 0.20    
  $JURHFRORJLFDOKRUWLFXOWXUDOFURS 0.19    
  )RUHVWU\'HQVHIRUHVWV 0.13    
  )RUHVWPRUHWKDQRIWKHODQGFRYHUHG 0.23    
  )RUHVWOHVVWKDQRIWKHODQGFRYHUHG 0.33    
 
6SDUVHYHJHWDWLRQQRWFRPSDFWHGE\KXPDQ
DFWLYLW\
0.44    
  %ULFNIDFWRU\ 0.63    
  %ULFNIDFWRU\ZLWKVFDWWHUHGEXLOGLQJV 0.74    
  /DQGILOOV 0.63    
  :DWHUFRXUVHVODQGGHSRVLWV 1.00    
  6SRUWVHTXLSPHQWRQIRUHVWHGODQG 0.30    
  $YHUDJH5XQRII&RHIILFLHQW    

,QXUEDQGUDLQDJHGHVLJQJLYHQDSUREDELOLW\RIH[FHHGDQFHRIUHWXUQSHULRGRI\HDUVWKHQHZSUREDELOLW\
RIH[FHHGDQFHUHDFK WKHYDOXHĬDQHZUHWXUQSHULRGRI\HDUV)RU WKHVFHQDULR H[WUHPH
ZDWHUSURRILQJ WKHUXQRIIFRHIILFLHQWUHDFKHVDYDOXHRIZKLFKUHSUHVHQWVDSSUR[LPDWHO\DQLQFUHDVHRI
IURPLWVFXUUHQWYDOXH$SSO\LQJHTXDWLRQIRU&W&W ZRXOGOHDGWRDQHTXLYDOHQWUDWLR3W3WĬ*LYHQD
SUREDELOLW\RIH[FHHGDQFHRIWKHQHZSUREDELOLW\RIH[FHHGDQFHUHDFKWKHYDOXHRIDQGDQHZUHWXUQWLPHLV
DERXW\HDU7KLVVLWXDWLRQZLOOPDNHQHFHVVDU\DVWURQJUHLQYHVWPHQWLQXUEDQGUDLQDJHLQIUDVWUXFWXUHRQO\WRNHHS
WKHVWDWXVRISURWHFWLRQXQGHUFXUUHQWFRQGLWLRQV)RUWKH6FHQDULRZLWKLQFUHDVHG*,WKHUXQRIIFRHIILFLHQWNHHSVWKH
FXUUHQWYDOXHRI(YHQWKRXJKWKHVHFXULW\FRQGLWLRQVDUHWKHVDPHWKHVLWXDWLRQUHSUHVHQWVDIXWXUHVFHQDULRZLWK
PDMRUSRSXODWLRQDQGPRUHHIILFLHQWXUEDQL]DWLRQ7KHVHYDOXHVLPSO\VLJQLILFDQWLPSURYHPHQWVIRUWKHSRSXODWLRQ
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